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ABSTRACT 



A medical instrument including a cannula or probe used to 
penetrate tissue to a target area to perform a medical 
procedure including biopsy and RF ablation of undesirable 
tissues or cells for treatment, or to prevent the spread of 
cancer cells during a biopsy procedure. The probe is pref- 
erably shape changeable. The probe may be hollow or solid 
having an exterior surface coated with a dielectric material, 
a preferably sharpened beveled tip at a distal end coated with 
a resistor material, and means for coupling the probe to an 
RF generator and control device. The RF generator provides 
current to the probe. The dielectric material provides a 
predominant impedance characteristic of the probe in con- 
tact with tissue, thus changes in impedance will vary pri- 
marily based on the area of the probe in contact with tissue. 
The control device monitors the impedance of the probe and 
based thereon calculates the area of the probe in contact with 
tissue, then adjusts the current in order to maintain an 
approximately constant current density over the area of the 
probe in contact with tissue, thereby preventing hot spots 
and fulguration. A thermocouple may be formed at the tip of 
the probe, or other temperature sensing device may be used. 
If a temperature sensing device is used, the control device 
may also monitor the temperature to determine the efficacy 
of treatment. RF energy directors may be used with the 
invention to control the shape of the RF energy field. 

5 Claims, 6 Drawing Sheets 
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METHOD FOR BIOPSY AND ABLATION OF 
TUMOR CELLS 

TECHNICAL FIELD 
This invention is directed towards an apparatus and 
method for penetrating body tissues to precisely position a 
probe in a selected target area for medical purposes, for 
example, obtaining a biopsy tissue sample, radio frequency 
energy (RF energy) treatment of tumor cells, and or delivery 
of substances, 

BACKGROUND ART 

Surgical intervention in the treatment of tumors usually 
involves the opening of surface tissues and excision of the 
underlying tumor. This excision often involves the removal 
of healthy tissue along with the tumor tissue to insure 
complete removal of the affected cells. Surgical procedures, 
while effective, leave scarring and wounds which are open 
to infectious complications, and often result in long recovery 
periods. Surgical intervention is often imprecise in accessing 
affected tissue and may damage tissue structures such as 
nerves, muscle, and bone to achieve access to the tumor. 
Consequently, minimally invasive medical procedures are of 
interest in many circumstances in order to reduce the trauma 
suffered by normal or healthy tissue. 

Where devices are used to perform tissue biopsy or are 
manufactured for deep surgical access, such procedures 
generally use a tubular probe to penetrate body tissue to 
reach a target tissue for biopsy or treatment. These prior art 
devices for biopsy or cancer treatment require direct contact 
between a target tissue and a medical instrument. Therefore, 
during a biopsy or cancer treatment procedure, cancer cells 
may become dislodged leading to spread of the cancer cells. 
For example, withdrawal of the biopsy probe may leave a 
trail of displaced cancer cells in the wake of the withdrawn 
probe. During localized treatment of a tumor, cancer cells 
may be dislodged and moved sufficiently from the treatment 
area to avoid the negative effects of the treatment procedure, 
and dislodged cancer cells may be carried through the blood 
or lymph systems to lodge in locations remote from the 
original tumor. 

Some prior art surgical instruments have been disclosed 
that use electrical energy to heat the instrument for cauter- 
ization purposes. For example, U.S. Pat. No. 5,578,030, 
issued to Levin, discloses a biopsy needle which use resis- 
tive heating of the needle to cauterize the path of the needle 
to prevent the spread of cancer cells. However, such devices 
can cause significant damage to healthy tissue when 
cauterizing, and in the case of the biopsy needle of U.S. Pat. 
No. 5,578,030, measures must be taken to protect the 
biopsied sample from the heat produced by the device. 

Many other prior art devices use RP energy to cut or 
cauterize tissue, or to ablate tumor tissue. Most of these 
devices monitor tissue impedance to prevent the energy 
entering the tissue from exceeding a predetermine value. 
However, because the impedance of the tissue may vary over 
the area in contact with the probe, localized hot spots may 
occur causing damage to healthy tissue through fulguration, 
which is the explosive ignition of small amounts of com- 
bustible gases which have escaped from killed cells. 

What is needed is a probe device which can be used in 
various embodiments to biopsy or treat a target tissue, and 
which uses RF energy to prevent the spread of cancer cells 
or infectious agents, during a biopsy or treatment procedure, 
without the danger of fulguration. 

SUMMARY OF THE PRESENT INVENTION 

Accordingly, the present invention comprises a medical 
probe apparatus having an electrical circuit including, a 
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probe or cannula, an impedance sensing means, a control 
means, an RF energy generator, and a return electrode. The 
cannula may include an exterior surface with a dielectric 
coating. The dielectric coating is used to create a predomi- 

s nant impedance characteristic in the electrical circuit of the 
medical probe apparatus. The impedance sensing means 
senses the electrical impedance of the electrical circuit, and 
the control means monitors the impedance and adjusts an 
electrical current to the cannula based on the impedance at 

10 a given moment. More preferably, the control means moni- 
tors the impedance sensing means, calculates a surface area 
of the cannula in contact with tissue, and adjusts the current 
to maintain an approximately constant current density over 
a surface area of the cannula in contact with tissue. 

15 The cannula can be hollow or solid, and if hollow may 
include more than one lumen. The distal end of the cannula 
may be sharpened and beveled and may further include a 
resistor coating to prevent the geometry of the sharpened 
end of the cannula from creating a region of high current 

20 density. Any practical dielectric material may be used for the 
dielectric coating including polyimide. In one embodiment, 
a hollow cannula may be coupled to a biopsy sampling and 
storage means for pulling a tissue sample through the lumen 
into a storage chamber. Ablative RF energy is caused to 

25 surround the cannula in a protective, generally cylindrical, 
field used to heat around the cannula to destroy any cancer 
cells which may be dislodged during a biopsy, and which 
might spread the malignancy. 

In another embodiment, The cannula may include an RF 

30 energy directing means for directing the RF energy into a 
desired volume of tissue for treating or ablating tumors. If 
the cannula includes an energy directing means, the energy 
directing means may comprise a sheath comprised of a 
resistor material slidably fitting over the cannula, which 

35 sheath may further include one or more apertures that directs 
the RF energy in a chosen direction or directions. In an 
another embodiment, the energy directing means may com- 
prise at least one RF electrode deployable from the cannula. 

40 The medical probe apparatus may further include a tem- 
perature sensing means such as a thermocouple on the 
cannula. In other embodiments, the cannula may include a 
cannula shape changing means for causing the cannula to 
bend into a desired shape. For example, the shape changing, 

45 means may include a pre-bent stylet that is inserted into the 
lumen, if the cannula is hollow, whereby the cannula con- 
forms to the shape of the pre-bent stylet. 

The invention also includes a method for controlling the 
current density on the surface of the cannula in contact with 

50 tissue. The method is preferably , performed by the control 
means and includes the following steps: (a) sensing an 
electrical impedance of the electrical circuit; and (b) calcu- 
lating a surface area of the cannula in contact with tissue 
based on the impedance of the electrical circuit; and (c) 

55 adjusting the electrical current to maintain an approximately 
constant current density over a surface area of the cannula in 
contact with tissue. 

More preferably, the method may include the following 
steps, some of which will be cyclically repeated: (a) obtain - 

60 ing threshold and starting values for the impedance, 
temperature, and the initial current, and calculating a thresh- 
old current divided by impedance value, hereafter (I/Z), (b) 
obtaining a new impedance value, comparing the impedance 
threshold to the new impedance value, reducing the current 

65 if the new impedance value exceeds the threshold imped- 
ance value; and (c) obtaining a new current value, dividing 
the new current value by the system impedance to obtain a 
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present (I/Z), comparing the present (I/Z) to the threshold 
(I/Z), increasing the present current if the value of the 
present (I/Z) is less than the threshold (l/Z), decreasing the 
present current if the value of the present (I/Z) is more than 
the threshold (I/Z). The method may further include a step: 5 
(d) obtaining a present temperature value, comparing the 
present temperature value to the temperature set point value, 
and reducing the present current value if the present tem- 
perature value exceeds the temperature threshold value. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention, which 
are believed to be novel, are set forth with particularity in the 
appended claims. The present invention, both as to its 
organization and manner of operation, together with further 15 
objects and advantages, may best be understood by reference 
to the following description, taken in connection with the 
accompanying drawings, in which: 

FIG. 1 is a cross-sectional view of the distal end of a 
cannula of the invention. 

FIG. 2 is a circuit diagram of resistances encountered in 
the electrical circuit of the invention. 

FIG. 3 illustrates a typical configuration of a control and 
power assembly of the invention. 25 

FIG. 4 is a schematic block diagram of a microprocessor 
controlled monitoring apparatus for controlling the RF 
energy delivered by the cannula of the invention. 

FIG. 5 is a side view of an embodiment of the invention 
for use in obtaining biopsy samples showing the cannula 30 
attached at its proximal end to a handle apparatus. 

FIG. 6 is a side view of an embodiment of the invention 
for use in ablating tumor tissue showing the cannula 
atfached at its pr oximal end to a handle apparatus. ^ 

FIG. 7 shows a view of the distal end of a cannula 
embodiment for use in ablating tumor tissue with a retract- 
able and rota table slotted sheath RF energy director. 

FIG. 8 is a view of the distal end of a cannula embodiment 
for use in ablating tumor tissue with two wire RF energy AQ 
directors extended. 

DETAILED DESCRIPTION 

The present invention is an apparatus for penetrating body 
tissues to precisely position a cannula in a selected target 45 
area in order to perform a medical function, such as obtain- 
ing a biopsy sample or delivering ablative energy or a 
treating substance. The cannula includes a means for deliv- 
ering RF energy to heat tissue above a critical temperature 
to cause the tissue to become non-viable. This invention 50 
limits activity to the precise target region, thereby minimiz- 
ing trauma to normal surrounding tissue. The term "cannula" 
as used herein is defmed as a solid, or tubular or other 
hollow shape probe designed to be passed through normal 
tissue to target tissues. The description of the invention 55 
herein will focus on use of the invention for the biopsy or 
treatment of tumors, however, the device has other uses, 
including but not limited to the biopsy or treatment of 
localized infections or removal of undesirable but non- 
cancerous tissues. 60 

Referring to FIG. 1, a cross section of the distal end 22 of 
the cannula 20 of the invention is shown. The cannula 20 
includes a first hollow tube 24, preferably formed of stain- 
less steel, and a second hollow tube 26 received within the 
first hollow tube 24. The second hollow tube 26 is preferably 65 
formed of a metal dissimilar to the metal used in the first 
hollow tube 24, and at least one lumen 28 is formed inside 
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of the second hollow tube 26. Any acceptable metal may be 
used for the second tube 26, however, preferred metals 
include copper, nickel, and nitinol. If dissimilar metals are 
used, the first and second hollow tubes 24, 26 are preferably 
welded together at the distal end 22 of the cannula to form 
a thermocouple. The welded region 30 joining the hollow 
tubes 24, 26 and formring the thermocouple can be a spot 
weld, but is preferably a weld over the entire circumference 
of the distal end 22. The distal end 22 of the cannula 20 is 
preferably a sharpened beveled end to reduce resistance 
through, and trauma to, tissue as the cannula 20 is moved 
into position. The cannula 20 may be any desired diameter, 
but is preferably from 2 to 8 French (approximately 0.7 to 
2.7 mm) in diameter. 

A dielectric coating 32 of a dielectric material is applied 
to the exterior of the first hollow tube 24 to create a dielectric 
barrier around the cannula 20. Any desirable dielectric 
material can be used including any of a number of long chain 
polymers such as polyimide. The dielectric coating 32 
preferably also has a thermal insulating property. 

In alternate embodiments, one or more transponders or 
transducers could be included on the exterior surface of the 
cannula and coupled to an ultrasound source. Suitable trans- 
ducers and transponders are well known to those skilled in 
the art. A transducer is a crystal that emits and reads an 
ultrasound signal and can also read an ultrasound signal 
reflected back to the transducer through a medium compris- 
ing water. A transponder emits a signal only. 

The electrical path of the system and the various resis- 
tances of the system are shown schematically in FIG. 2. The 
electrical resistance of the tissue is modeled as a resistor Ry* 
An RF generator 34 provides current to the cannula 20. The 
RF generator will generate current preferably of a sinusoidal 
wave form at a frequency between 200 Khz and 3 Mhz, but 
more preferably between 300 Khz and 2 Mhz, and most 
preferably at 500 Khz for use in organs, and at 750 Khz for 
use in other tissue. 

The cannula 20, not including the dielectric coating, has 
a resistance (the cannula resistance R c ) in the range of 1 to 
10 ohms depending on the material used. The resistance of 
the dielectric coating, hereafter the dielectric resistance R^, 
is preferably between 100 to 500 ohms. The cannula 20 
transmits the energy through the dielectric coating 32 into 
the tissue in contact with the cannula 20. Tissue resistance 
R, typically ranges between 25 to 150 ohms depending on 
the tissue. Current then passes through the tissue distributed 
along the cannula length to the return electrode. The return 
electrode resistance R r is preferably 1 to 10 ohms. The 
resistance of the tissue R f to the RF energy is used to heat 
tissue near the cannula 20. The target temperature range is 
preferably 54 degrees centigrade to 100 degrees centigrade, 
with 60 degrees centigrade being the most preferred target 
temperature. Tissue current density drops at roughly the 
inverse square of the distance from the cannula 20. 
Therefore, significant heating occurs only relatively near the 
cannula 20. 

As is evident from the resistances set forth above, the 
dielectric resistance K d is relatively large compared to other 
resistances in the circuit. In general, the cannula resistance 
R c and the return electrode resistance R r are small and can 
be considered negligible. Thus, the dielectric resistance R d 
creates a predominant impedance characteristic for the can- 
nula 20. Localized tissue resistance variations and resistance 
variations due to contact pressure between the cannula 20 
and tissues are relatively insignificant as compared with the 
resistance of the dielectric coating 32. 
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Consequently, a near constant impedance is presented, preferably a microprocessor. When the device of the inven- 

thus providing a relatively uniform distribution of RF tion is turned on, the control means 46 reads the following 

energy. The approximately uniformly distributed delivery of setable predetermined thresholds or set point values: Imped- 

RF energy provides for a uniform current distribution across ance set point or threshold {Z setpoin ^), temperature set point 

the entire surface of the cannula 20 which limits the peak 5 or threshold (T ffl ^ f ), and total current in the system 

current at any point on the cannula 20. Variations in current (Ipr««w)- Th e selected initial \ present depends on the configu- 

density using the invention will preferably be no greater than ration of the device, but typically ranges from 100 to 1,000 

1 to 10%. Limiting the peak current reduces or eliminates M.A The temperature setpoint T^ preferably ranges 

localized hot spots and current density variations that cause from 54 to 100 degrees centigrade, and most preferably is 60 

sparks and burning. The point on the distal end 22 of the degrees centigrade. Typically the threshold or set point 

cannula 20 is coated with a resistive material 42, such as any values for Z setpoitu and T mrget will not be changed during a 

of a variety of known long chain polymers, to prevent the procedure. However, in alternate embodiments the device 

geometry if the tip from creating a site of increased current may be configured to allow changes to the set point or 

density, or hot spot. threshold values Z Setpoint and T Mryrt during a procedure. 

In use, the electrical impedance of the cannula 20 is 15 When the system is turned on, the system looks for a 

inversely and approximately linearly related to the surface signal that an RF switch has been actuated and RF current 

area of the needle in contact with tissue. The greater the area is flowing. After the RF switch is activated, a sequence of 

of contact between the cannula 20 and tissue, the lower the threshold verifications is made. First the system reads a new 

system impedance. By measuring the system impedance, as or present impedance Z prmnr The value Z pmrent is compared 

opposed to the tissue impedance measured by prior art 2 o a g a inst the impedance setpoint Z setpoint If the value of 

devices, the surface area of the cannula 20 in contact with Z ens exceeds the value of Z setpointt the current is turned 

tissue can be determined. A control means adjusts the current on. If the impedance setpoint Z smtpoinl is not exceeded, the 

based on changes in impedance of the system in order to system reads a new or present temperature T pn , senr . The 

maintain an approximately constant current density. For value of T pnsttnt is compared against the temperature set 

increasing impedance, the current is decreased. For decreas- 25 point T mrg1!t . If the value of T present exceeds the value of 

ing impedance, the current is increased. The control means T rargmt the current \ prm „ nt is reduced a predetermined amount, 

may comprise a computer, which may include a display If T targee is not exceeded, the system reads a new \ presen{ 

device for numerically or graphically displaying information value. The control means then divides the present value for 

relating to the positioning and functioning of the device of l pnsmt by the present value for Z present to generate an 

the invention. 30 (}JZ) pn:seru value. The value Q/Z) prcsent is compared to a 

A typical configuration of the control system and RF threshold I/Z threshold value (l^^shoid- If the value of 

generator, generally referenced by the number 44, is shown (l/Z) pn:seni is less than the threshold value (I/Z)^ wAo?rf , the 

in FIG. 3, including a control means 46 coupled to the RF current \ present is increased and the cycle begins again. If 

current generator 34 which is coupled to the cannula 20. The (VZ) pnsem exceeds the threshold value, the current is 

cannula 20 is coupled to an impedance sensing means 48 and 35 decreased and the cycle begins again. If the value of 

a temperature sensing means 50, which impedance sensing fyZ) prvsem is equal to the (I/Z) f/iref/loW , no change is made to 

means 48 and temperature sensing means 50 are further I pw *w* ^ the cvcle begins again. 

coupled to the control means 46. The control means 46 The cycle can be repeated at any desirable rate, however 

monitors the system impedance and the temperature, if a it is preferable that the control means repeat the cycle at least 

temperature sensing means is present. The impedance is 40 10 times per second. In operation, impedance rises to infinity 

used to determine the area of the cannula 20 in contact with when no portion of the probe is in contact with tissue, 

tissue. The current is then adjusted to maintain an appro xi- Therefore, the device cannot be activated when there is no 

mately constant current density over the cannula 20. The tissue contact because, when the system determines that the 

temperature is monitored and used as a back-up in case the impedance is greater than the set point, the system will turn 

impedance sensing means is not working correctly. If the 45 the current off. 

heat rises above a threshold limit, the current is reduced. Any The invention described herein can be used to perform a 
known means for sensing temperature may be used, includ- variety of medical procedures, however, two principle con- 
ing the use of the thermocouple previously mentioned, or a figurations will be described. The first application is as a 
thermistor having a resistance which varies with temperature biopsy needle. In this embodiment, ablative RF energy is 
changes, or the like. 50 caused to surround the cannula in a protective, generally 

In embodiments using a thermocouple on the distal end 22 cylindrical, field. The RF energy is delivered into tissue 

of the cannula 20, the thermocouple can be used to sense the providing resistive heating of the tissue approximately 10 

temperature at a position remote from the dielectric material cell layers deep around the cannula. This heating is sufficient 

coated portion of the cannula 20. Due to the heat insulation to destroy any cancer cells which may be dislodged during 

property of the dielectric coating and of the resistor material 55 a biopsy, and which might otherwise be carried through the 

42 covering the distal end 22 of the cannula 20, the ther- blood or lymph systems to lodge in a remote location, 

mocouple will tend to encounter heat as a result of conduc- thereby spreading the malignancy. The second use of the 

tion from tissue through the thermally insulating resistor cannula is to deliver RF current therapeutically to eliminate 

material 42 rather than through the conduction of heat malignant tumor tissue. The RE energy is directed as nec- 

through the metal tubes 24,26. Thus when the thermocouple 60 essary into tumor tissue to eliminate the tumor tissue, 

has detected the target temperature, this indicates that the In a cannula 20 of the invention configured for use as a 

heat generated by the RF energy has penetrated tissue at biopsy needle, the cannula 20 contains at least one lumen. If 

least to a depth equal to the distance of the thermocouple more than one lumen is used, the lumen for taking the biopsy 

from the dielectric coated portion of the cannula 20 in sample is referred to as the first lumen. The first lumen is 

contact with tissue. 65 open at both the distal end and proximal end, which is 

Referring now to FIG. 4, a flow chart illustrates a method coupled to a sample chamber. The device is preferably used 

of the invention controlled by a control means that is as a fine needle aspiration biopsy device which is moved 
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back and forth through the tissue that is being biopsied, and that the device shown in FIG. 6 include a means for directing 

which device includes a vacuum means for pulling the the RF energy to the target tissue while sparing healthy 

sample through the lumen of the cannula 20 into a collection tissue. 

or sampling container. During extraction the needle is typi- ^ 5asic device shown in FIG 6 inchldes a canmi i a 80 , 

cally pulled from the tissue quickly 5 coup i cd to a rotatable coupling 82 rotatably coupled to the 

In alternate embodiments, the cannula 20 contains a bi device handle member 52 at a connection hub 86 

second lumen. The second lumen is preferably closed at the afi a ^ conncction havin clcctrical contacts . ^ 

distal end but opened at the proximal end In one haadle memb er 52 includes an acUvation trigger 88 which is 

embodiment pre-bent stylets can be inserted m o the proxi- u&ed (o ^ tmn ^ ^ ^ q ^ gQ Qn and 

mal end of the second lumen, causing the cannula to bend to 10 off Iq ^ embo£ £ ment sh me handle member52 further 

conform to the shape of fee pre-bent stylet Alternatively a a M for mani kd an ene ^recti 

shape memory metal such as nitinol may be inserted in the means tQ ^ ^ of ^ Rf / fidd ted> 

first lumen, wherein the shaped memory stylet is inserted in A thumb n fe ferabl positione d on the handle 

a straight configuration then heated to cause the stylet to member £ so ^ fe ffom ^ ^ ontQ ^ thurab 

assume a predetermined shape assumed by the memory l5 92 ^ . fl a ^ with the cannula 

metal after heating as is weU known m the art, causing the g Q ^ ^ ^ e tQ ^ ^ 92 ^ ^ 

cannula 20 to bend to conform to the desired shape. In tQ ^ ^ ^nuU SO int0 tissue . Preferablyj me handle 

another embodiment, a temperature sensing device can be mcmbcr $2 ^ a ^ d fof comfortable 

inserted within the second lumen to monitor the temperature gripping by ^ ^ ^ a gockel 94 fc provided for 

inside the cannula. 20 rcmovabl couplmg to thc assC mbly and power 

FIG. 5 is a side view of an embodiment of the invention SQurce ^ ^ caflnula 8Q may be ^ in this embodiment) 

for obtaining tissue samples, showing the cannula 20 of the Qr may bc ho]low haviflg one Qr mofC lumens If the cannula 

invention coupled to a handle member 52. The device 8 0 is hollow, the lumen may be used as previously described 

includes a cannula 20, coupled to a rotatable coupling 54 for mscrtion of pre -bent stylets or the like to cause the 

rotatably coupled to a sample chamber 56, which is coupled M caaflula g0 to conform tQ a degired sbape prior tQ use The 

to the biopsy device handle member 52 at a connection hub cannula 80 pre f er ably has an exterior diameter between 

60. The chamber opens to the proximal end of the cannula 0.025 and 0.15 inches, but most preferably 0.050 inches, and 

20. The handle member 52 includes an activation tngger 62, tf ^ canmjla g0 ^ hollow ^ an ^rior diameter betW een 

which is used to manually turn the current to the cannula 20 0,010 inches and 0.050, but most preferably 0.030 inches 

on and off. The handle member 52 further includes a 30 ™ v « . * , • r *t_ ijv i 

. * si jt it i cc « The cyhndncal exterior of the cannula delivers only an 

sampling vacuum trigger 64 and a thumb press 66. Ine . J t „ , . , „ , 

th Jb press 66 is preferably positioned so that pressure approxunately cyliadrical energy pattern, however a vanety 

r ii_ .i , t *i_ *i_ u cc • • m *~ * of means for directing the energy into a variety ot conngu- 

from the thumb onto the thumb press 66 is in approximate . . , 4 4 & - u A • u 

. , v . *u i ™ tu „ rations to ablate tumors of many shapes and sizes may be 

axial alignment with the cannula 20. The user applies ^^ d J r J 

pressure to the thumb press 66 in order to insert the cannula 35 

20 into tissue. The vacuum trigger 64 is coupled to a vacuum Referring to FIG. 7, a hollow insulating sheath 96 may be 

means in the handle member 52 and is actuated to create a made to fit over the cannula 80. After insertion into the 

vacuum during movement of the cannula 20 to pull sample tumor, the insulating sheath 96 may be retracted. This allows 

material into the sample chamber 56. The handle member 52 the size of the ener gy cylinder to be varied, thereby varying 

has a roughly pistol grip shape for comfortable gripping by 40 the tQera Py deliver y area - In an alternate embodiment, the 

the user. Alternatively, other handle/cannula configurations insulating sheath 96 may have a slot or other shape aperture 

may also be used. At one end of the handle member 52 a thereon. For example, FIG. 7 shows an embodiment of the 

socket 68 is provided for removably coupling to the RF cannula 80 of the invention with a slot 98 positioned 

generator and control system 54 and power source, which longitudinally on the external sheath 96, providing a means 

preferably includes means for adjusting various parameters 45 of directing energy in one direction. By rotating and advanc- 

such as certain setable threshold or set point values. m ot retracting the sheath 96, the slot 98 can be directed as 

In this embodiment the cannula 20 preferably has an needed to progressively ablate a complex geometry. In this 

exterior diameter between 0.025 inches and 0.150 inches, ^ n l bo ^ meDt ' a r f **™ * a PP^ d to the distal end 

but most preferably of 0.050 inches, and an interior diameter 100 °* ^/annula 80 for a distance along the length of the 

between 0.010 inches and 0.050 inches, but most preferably 50 cannula 80 sufficient to allow the retraction of the sheath 96 

of 0.030 inches. During biopsy, the cannula 20 is moved in a desired Stance without exposing the dielectric coating, 

and out of the target tissue with the vacuum means operating Referring to FIG. 8, a cannula having at least one lumen 

to take a sample. As previously described, the impedance can be used to advance energy directing conductors into 

circuit of the system includes the cannula 20, the tissue target tissue. FIG. 8 shows a first conductor 82 which is 

interface, the tissue, thc return electrode, and the intercon- 55 straight and is advanced or deployed through an aperture in 

nect wires. The impedance is monitored and current is the side of the cannula 80, and a second antenna 84 that is 

adjusted, as previously described, to maintain approximately extended or deployed through the distal end of the cannula 

constant current density to prevent futguration. The current 80, and is in a pre-bent spiral configuration. However, any 

is activated during the biopsy procedure in order to cause desirable configuration or number or shape of antenna could 

cells that may be dislodged by the cannula 20 to become 60 be used, depending on the geometry of the area to be treated, 

nonviable. The antennae are preferably formed of, or coated with, a 

A second embodiment of the cannula is configured to biocompatible dielectric material. The conductors 82, 84 
deliver RF current therapeutically to eliminate malignant ma y include transponders or transducers to aid in position- 
tumor tissue. Referring to FIG. 6, the embodiment of the i°g the antennae precisely. 

device of the invention for use in ablating tumors appears 65 Although the present invention has been described in 

similar to the biopsy device shown in FIG. 5. However, other terms of the presently preferred embodiments, it is to be 

configurations of the invention may be used. It is preferred understood that such disclosure is not to be interpreted as 
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limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art after reading the 
above disclosure. For example, the invention could be used 
to treat localized infections instead of tumors by using the 
RF energy to cause the infectious agents to become non- 5 
viable. Accordingly, it is intended that the appended claims 
be interpreted as covering all alterations and modifications 
as fall within the true spirit and scope of the invention. 
What is claimed is: 

1. In a medical probe apparatus comprising a cannula with 10 
an exterior surface with a dielectric coating, the dielectric 
coating having a predominant impedance characteristic in an 
electrical circuit of the medical probe apparatus, an imped- 
ance sensor, a control means for adjusting an electrical 
current to the cannula, an RF energy generator, and a return is 
electrode, a method for controlling or maintaining an 
approximately uniform current density over a surface area of 
the cannula in contact with tissue, the method steps com- 
prising: 

(a) obtaining the following values: 20 

(i) obtaining an impedance threshold value, 

(ii) obtaining a starting current value, and 

(iii) obtaining a threshold current divided by impedance 
value, hereafter (I/Z); and 

(b) obtaining a new impedance value, comparing the 25 
impedance threshold to the new impedance value, 
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reducing the current if the new impedance value 
exceeds the threshold impedance value; and 

(c) obtaining a new current value, dividing the new 
current value by the system impedance to obtain a 
present (I/Z), comparing the present (I/Z) to the thresh- 
old (I/Z), increasing the present current if the value of 
the present (I/Z) is less than the threshold (I/Z), 
decreasing the present current if the value of the present 
(I/Z) is more than the threshold (I/Z). 

2. The method of claim 1, wherein step (a) further 
comprises the sub-step: 

(iv) obtaining a temperature threshold value. 

3. The method of claim 2, further comprising the step: 

(d) obtaining a present temperature value, comparing the 
present temperature value to the temperature set point 
value, reducing the present current value if the present 
temperature value exceeds the temperature threshold 
value. 

4. The method of claim 1 further comprising the step: 

(e) repeating steps (b) and (c). 

5. The method of claim 1 further comprising the step: 
(e) repeating steps (a) through (c). 

* * * * * 
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